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With the recent approval and widespread administration of the Pfizer-BioNTech, Moderna, and Janssen vaccines
worldwide, incidence of severe Coronavirus Disease 2019 (COVID-19) infection has significantly decreased. In
spite of their undisputed role in reducing the severity of the disease and reduction of the disease burden in the
community, there have been case reports of serious side effects with these vaccines. We aim to describe a case
report of myocarditis following administration of the Janssen vaccine in a healthy, young male and review the
available literature on COVID-19 vaccine related myocarditis and its possible pathogenesis. This case and litera-
ture reviewnotes a temporal association between COVID-19 vaccination andmyocarditis. Despite these observa-
tions, the benefits of the vaccines far outweigh the risks of possible myocarditis.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

Severe acute respiratory syndrome coronavirus (SARS-COV)-2
infection and the consequent disease, Coronavirus Disease 2019
(COVID-19) have led to a global pandemic resulting in over 3.97million
deaths at the time of publication [1]. To mitigate transmissibility, three
novel vaccines have been granted emergency use authorization (EUA)
in the United States. Widespread use of these vaccines has resulted in
a precipitous decline in COVID-19-associated hospitalizations and mor-
tality. The two-dose mRNA based COVID-19 vaccines, BNT162b2 mRNA
ron, OH 44304, United States of
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(Pfizer-BioNTech, New York NY) and the mRNA-1273 (Moderna,
Cambridge MA), have been widely used globally and granted
provisional FDA approval in the United States on December 2020
resulting in 180 million and 134 million vaccinations to date, respec-
tively. The single-dose Janssen Ad26.COV2.S (Johnson and Johnson,
New Brunswick NJ) COVID-19 vaccine, a recombinant, replication-
incompetent human adenovirus type 26 vector, was authorized for
use in the United States on February 27, 2021 and has been adminis-
tered to more than eight million patients to date [2]. Through either
mRNA or a viral vector, these vaccines lead to expression of the SARS-
CoV-2 spike (S) antigen without virus propagation. An immune re-
sponse elicited to the S antigen protects against COVID-19 [3]. Although
adverse effects due to these vaccines are commonly limited tomild and
transient symptoms, there have been reports of myocarditis associated
with the BNT162b2 mRNA and the mRNA-1273 vaccines (Table 1). In
emporal association between the COVID-19 Ad26.COV2.S vaccine and
dicine, https://doi.org/10.1016/j.carrev.2021.08.012
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Table 1
Literature review of demographic and clinical characteristics of patients with myocarditis following various COVID-19 vaccination, December 2020 to July 4, 2021.a

Publication Montgomery et al.
[12]

Larson & Ammirati
et al. [22]

Rosner et al.
[17]

Marshall et al.
[23]

Mouch et al.
[24]

Dickey et al.
[25]

Kim et al.
[26]

Mansour et al.
[27]

Characteristic No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Age, median (range), y 25 (20–51) 29 (21–56) 24 (19–39) 17 (14–19) 23 (16–45) (17–37) 30 (23–70) 23 (21–25)
Sex
Male 23 (100) 8 (100) 7 (100) 7 (100) 6 (100) 6 (100) 3 (75) 1 (50)
Female 0 0 0 0 0 0 1 (25) 1 (50)

Proximate vaccine dose
Second mRNA-1273 dose 14 (61) 2 (25) 1 (14) 0 0 2 (33) 2 (50) 2 (100)
Second BNT162b2-mRNA dose 6 (26) 6 (75) 4 (57) 7 (100) 5 (83) 4 (67) 2 (50) 0
First mRNA-1273 dose 2 (9) 0 0 0 0 0 0 0
First BNT162b2-mRNA dose 1 (4) 1 1 (14) 0 1 (17) 0 0 0
Single Ad.26.COV2.S dose 0 0 1 (14) 0 0 0 0 0

Time to symptom onset, mean (range), h 50 (12–96) 66 (48–96) 93 (48–168) 62 (48–96) 104 (24–384) 80 (48–96) 66 (24–100) 39 (30–48)
Troponin level
Elevated 23 (100) 8 (100) 7 (100) 7 (100) 6 (100) 6 (100) 4 (100) 2 (100)
Not elevated 0 0 0 0 0 0 0 0

Electrocardiogram findingsb

Abnormal 19 (83) 7 (88) 5 (72) 7 (100) 6 (100) 5 (83) 4 (100) 2 (100)
Normal 4 (17) 1 (12) 2 (28) 0 0 1 (17) 0 0

Echocardiogram findingsc

LVEF <50% 4 (17) 2 (25) 1 (14) 1 (14) 0 5 (83) 1 (25) 0
LVEF ≥50% 19 (83) 6 (75) 6 (86) 6 (86) 6 (100) 1 (17) 3 (75) 2 (100)

Coronary artery imagingd

Abnormal 0 0 0 0 NR 0 0
Normal 16 (70) 5 (62) 3 (43) 0 2 (33) NR 1 (25) 2 (100)
Not performed 7 (30) 3 (38) 4 (57) 7 (100) 4 (67) NR 3 (75) 0

Cardiac MRIe

Abnormal 8 (35) 8 (100) 7 (100) 7 (100) 6 (100) 6 (100) 4 (100) 2 (100)
Normal 0 0 0 0 0 0 0 0
Not performed 15 (65) 0 0 0 0 0 0 0

SARS-CoV-2 PCR findings at presentation
Positive 0 0 0 0 0 0 0 0
Negative 19 (83) 8 (100) 6 (86) 7 (100) 6 (100) 6 (100) 3 (75) 2 (100)
Not performed 4 (17) 0 1 (14) 0 0 1 (25) 0

Other viral testing at presentationf

Positive 0 NR 0 0 NR NR 0 0
Negative 13 (57) NR 5 (72) 7 (100) NR NR 4 (100) 2 (100)
Not performed 10 (43) NR 2 (28) 0 NR NR 0 0

History of prior SARS-CoV-2 infection
Positive 3 (13) 1 (12) 3 (43) 0 0 NR 0 0
Negative 20 (87) 7 (88) 4 (57) 6 (86) 6 (100) NR 4 (100) 2 (100)
Unknown 0 0 0 1 (14) 0 NR 0 0

Publication D'Angelo et al.
[28]

Habib et al.
[29]

Muthukumar et al.
[30]

Shaw et al.
[31]

Nevet et al.
[32]

Vidula et al.
[33]

Park et al.
[34]

Ammirati et al.
[35]

Characteristic No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Age, median (range), y 30 37 52 21 (16–31) 24 (20–29) 19 (18–19) 16 (15–16) 56
Sex
Male 1 (100) 1 (100) 1 (100) 2 (50) 3 (100) 2 (100) 2 (100) 1 (100)
Female 0 0 0 2 (50) 0 0 0 0

Proximate vaccine dose
Second mRNA-1273 dose 0 0 1 (100) 0 0 1 (50) 0 0
Second BNT162b2-mRNA dose 1 (100) 1 (100) 0 2 (50) 3 (100) 1 (50) 1 (50) 1 (100)
First mRNA-1273 dose 0 0 0 1 (25) 0 0 0 0
First BNT162b2-mRNA dose 0 0 0 1 (25) 0 0 1 (50) 0
Single Ad.26.COV2.S dose 0 0 0 0 0 0 0 0

Time to symptom onset, mean
(range), h

72 72 72 210
(48–600)

48 60 (24–96) 60 (24–72) 72

Troponin level
Elevated 1 (100) 1 (100) 1 (100) 4 (100) 3 (100) 2 (100) 2 (100) 1 (100)
Not elevated 0 0 0 0 0 0 0 0

Electrocardiogram findingsb

Abnormal 1 (100) 1 (100) 0 NR 3 (100) 2 (100) 2 (100) 1 (100)
Normal 0 0 1 (100) NR 0 0 0 0

Echocardiogram findingsc

LVEF <50% 0 0 0 0 NR 1 (50) 0 0
LVEF ≥50% 1 (100) 1 (100) 1 (100) 4 (100) NR 1 (50) 2 (100) 1 (100)

Coronary artery imagingd

Abnormal 0 0 0 NR NR 0 NR 0
Normal 1 (100) 1 (100) 1 (100) NR NR 2 (100) NR 1 (100)
Not performed 0 0 0 NR NR 0 NR 0

Cardiac MRIe

Abnormal 1 (100) 1 (100) 1 (100) 4 (100) 1 (100) 2 (100) 1 (50) 1 (100)
Normal 0 0 0 0 0 0 0 0
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Table 1 (continued)

Publication D'Angelo et al.
[28]

Habib et al.
[29]

Muthukumar et al.
[30]

Shaw et al.
[31]

Nevet et al.
[32]

Vidula et al.
[33]

Park et al.
[34]

Ammirati et al.
[35]

Characteristic No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Not performed 0 0 0 0 0 1 (50) 0
SARS-CoV-2 PCR findings at
presentation
Positive 0 0 0 0 NR 0 0 0
Negative 1 (100) 1 (100) 1 (100) 4 (100) NR 2 (100) 2 (100) 1 (100)
Not performed 0 0 0 0 NR 0 0 0

Other viral testing at presentationf

Positive 0 0 0 NR NR 0 0 0
Negative 1 (100) 1 (100) 1 (100) NR NR 2 (100) 2 (100) 1 (100)
Not performed 0 0 0 NR NR 0 0 0

History of prior SARS-CoV-2
infection
Positive 0 0 0 2 (50) NR NR 0 1 (100)
Negative 1 (100) 0 1 (100) 2 (50) NR NR 2 (100) 0
Unknown 0 1 (100) 0 0 NR NR 0 0

Publication Garcia et al. [36] Deb et al. [37] Singh et al. [38] Minocha et al. [39] Cereda et al. [40] Albert et al. [41] Watkins et al. [42]

Characteristic No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Age, median (range), y 39 67 24 17 21 24 20
Sex
Male 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)
Female 0 0 0 0 0 0 0

Proximate vaccine dose
Second mRNA-1273 dose 0 1 (100) 0 0 0 1 (100) 0
Second BNT162b2-mRNA dose 1 (100) 0 1 (100) 1 (100) 1 (100) 0 1 (100)
First mRNA-1273 dose 0 0 0 0 0 0 0
First BNT162b2-mRNA dose 0 0 0 0 0 0 0
Single Ad.26.COV2.S dose 0 0 0 0 0 0 0
Time to symptom onset, mean (range), h 6 6 72 48 30 96 48

Troponin level
Elevated 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)
Not elevated 0 0 0 0 0 0 0

Electrocardiogram findingsb

Abnormal 1 (100) 1 (100) 0 1 (100) 1 (100) 0 1 (100)
Normal 0 0 1 (100) 0 0 1 (100) 0

Echocardiogram findingsc

LVEF <50% 0 1 (100) 0 0 0 0 0
LVEF ≥50% 1 (100) 0 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)

Coronary artery imagingd

Abnormal 0 NR NR NR 0 0 0
Normal 1 (100) NR NR NR 1 (100) 1 (100) 1 (100)
Not performed 0 NR NR NR 0 0 0

Cardiac MRIe

Abnormal 1 (100) NR 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)
Normal 0 NR 0 0 0 0 0
Not performed 0 NR 0 0 0 0 0

SARS-CoV-2 PCR findings at presentation
Positive 0 0 0 0 0 0
Negative 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)
Not performed 0 0 0 0 0 0

Other viral testing at presentationf

Positive 0 0 0 0 0 0 NR
Negative 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) NR
Not performed 0 0 0 0 0 0 NR

History of prior SARS-CoV-2 infection
Positive 0 NR 0 0 NR NR NR
Negative 1 (100) NR 0 1 (100) NR NR NR
Unknown 0 NR 1 (100) 0 NR NR NR

Abbreviations: LVEF, left ventricular ejection fraction; MRI, magnetic resonance imaging; mRNA, messenger RNA; PCR, polymerase chain reaction; NR not reported.
a Adapted from Montgomery et al. [12].
b Electrocardiogram findings included ST elevations, T-wave inversions, and nonspecific ST changes.
c Echocardiogram findings reported as LVEF.
d Coronary artery imaging included CT coronary angiography and coronary angiography.
e All abnormal cardiac MRIs reportedly meeting criteria for myocarditis.
f Testing varied in each case for other acute viral infections; panels included some or all of these pathogens: coxsackie viruses, cytomegalovirus, Epstein-Barr virus, hepatitis A virus,

hepatitis B virus, hepatitis C virus, herpes simplex virus, human herpesvirus 6, HIV, influenza viruses, and parvoviruses.

I. Sulemankhil, M. Abdelrahman and S.I. Negi Cardiovascular Revascularization Medicine xxx (xxxx) xxx
this article, we present the second reported myocarditis case after the
Janssen vaccine, and we review the current literature for post COVID-
19 vaccine myocarditis.
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A previously healthy 33-year-old male presented to the emergency
department with acute onset substernal chest pain. Two days prior, he
had received the Janssen Ad26.COV2·S vaccine. Initially he noted



Fig. 2. Histogram of high-sensitivity Troponin T (ng/mL) at time of admission until
discharge.
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myalgias and chills which resolved 24 h following vaccination. This was
followed by a constant, retrosternal, non-radiating, non-exertional
chest pain. The pain was not positional, pleuritic, nor exertional. His
past medical history was significant for asthma and obstructive sleep
apnea but no known cardiac history. He did not have any known aller-
gies, and he was up-to-date with all standard vaccinations with no
prior history of adverse reactions. He denied any sick contacts or expo-
sure to COVID-19 patients in the weeks prior to vaccination or foreign
travel. Upon admission, the patient was hemodynamically stable and
afebrile. Electrocardiogram (ECG) showed normal sinus rhythm
(Fig. 1) with normal intervals. Laboratory tests were remarkable for
high-sensitivity (hs) troponin T 0.041 ng/mL (Normal range < 0.014
ng/mL). Complete blood cell count with differential was normal and C
reactive protein was 40.4 mg/L (Normal range 3.0 mg/L). Over the
course of 24 h, the troponin peaked to 10.2 ng/mL. (Fig. 2). A gadolinium
enhanced cardiac magnetic resonance imaging showed a small focal
area ofmyocarditis in themid to apical lateral region of the left ventricle
with a scar size of 2% (Fig. 3). Overall, systolic function of the left ventri-
cle was normal with no hypokinesis noted. Myocarditis was presumed
to be due to the vaccine administered due to the strong chronological
association. The patient was treated symptomatically, and he endorsed
significant improvement in his symptoms. He was discharged home in
stable condition with close follow-up.

2. Methods

An extensive search of PubMed, Scopus, Web of Science, and Google
Scholarwere performed using the terms “myocarditis,” “COVID-19” and
“vaccine” ranging from December 2020 to July 4, 2021. From 38 results,
23 articles were selected and analyzed constituting 11 case series and
12 case reportswith a total of 81 patients.Moreover, the Centers for Dis-
ease Control and Prevention (CDC) and The Vaccine Adverse Event
Reporting System (VAERS) databases were utilized for data regarding
vaccination rates by age and episodes of reported myocarditis by vac-
cine manufacturers, respectively.

3. Results

Out of 38 articles, 23 case reports and case series were selected for
further analysis. These articles included 81 patients with 77 males
Fig. 1. ECG at the time of admission noted normal sinus rhythm. Two additional ECGs at 6 h and
wave changes.
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who were primarily under the age of 30 (Fig. 4). Onset of myocarditis
was noted in 71 individuals following their second mRNA COVID-19
vaccine; nine individuals following their first mRNA COVID-19 vaccine,
of which six had a prior COVID-19 infection; and one individual had
myocarditis following administration of the Janssen Ad26.COV2.S vac-
cine (Table 1). Whereas 31.8% of all individuals vaccinated were
below the age of 40 years old, they constituted 80.7% of all myocarditis
cases. Further, in individuals below the age of 29 years old, the observed
cases of myocarditis were in excess of the expected cases (Table 2).

4. Discussion

The commonly reported side effects for the COVID-19 vaccines are
usually mild and self-limited, including pain at the injection site, head-
ache, fatigue, muscle aches and nausea. Most of these side effects occur
within 1–2 days following vaccination and resolve within 1–2 days [4].
Among the more serious adverse events reported, thrombotic and
thromboembolic events were observed in the lower extremities, chest,
and cerebral vasculature with use of the Janssen COVID-19 vaccine,
which resulted in an FDA amendment to the EUA on April 23, 2021
12 h after admission also showednormal sinus rhythmwithout PR interval, ST interval, or T



Fig. 3. Cardiac magnetic resonance of a four-chamber, long-axis T2-weighted image
demonstrating small focal edema (arrow) in the anterolateral wall of the left ventricle.
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limiting distribution to individuals 18 years of age and older [5–7]. Fur-
ther, the Israeli Ministry of Health had initially reported on cases of
myocarditis following mRNA COVID-19 vaccination [8]. This was a sig-
nificant observation as prior assessment of other vaccines, as reflected
in the US Vaccine Adverse Effects Reporting System (VAERS) from
1990 to 2018, identified 620,195 cases of vaccine side effects with
Fig. 4. Histogram of incidence of myocarditis with vaccine types relative to gender and age p
manufacturers as reported per VAERS from December 10, 2020 to July 4, 2021. A Pfizer-BioNT

5

0.1% of the case associated with myopericarditis which was most re-
ported with the smallpox vaccine [9].

Analysis of the VARES data (Table 2) for episodes of myocarditis fol-
lowing COVID-19 vaccination was significant for an increased preva-
lence of myocarditis in males, which is consistent with prior findings;
however, the rates of myocarditis relative to the background rates in
the general US population, which is estimated at 1 to 10 cases per
100,000 person-years, was much higher than expected [10–13]. Indi-
viduals below the age of 40 years old, who accounted for 32% of the
total full vaccination, resulted in 81% of the myocarditis case in VARES
as of July 4, 2021 [14] (Table 2). This led to the FDA revising the patient
and provider fact sheets on June 25, 2021 for the mRNA vaccine due to
increased risk ofmyocarditis and pericarditis [7]. Although incidences of
myocarditis were not reported during the clinical trials of the vaccine
manufacturers, thismay be due to the limited size of the trial population
who received the vaccines before its authorization [4,15,16]. As there is
widespread vaccine distribution, increasing cases of myocarditis have
been observed with the mRNA vaccines. Since the Janssen vaccine has
a similar endproduct as themRNAvaccines, further cases ofmyocarditis
with the Janssen vaccine may be expected. Currently, the Janssen vac-
cine accounts for 12.4 million vaccines compared to the 133 million
and 180 million vaccines of Moderna and Pfizer-BioNTech, respectively
[10].

Further, observationally it was noted that a diagnosis of myocarditis
was more common following the second dose of the mRNA vaccines in
individuals without a prior history of COVID-19 infection whereas for
individuals with a prior COVID-19 infection, myocarditis occurred fol-
lowing the first dose (Table 1). Interestingly, both our patient and the
patient reported by Rosner et al., developed myocarditis following vac-
cination with the single dose of Janssen vaccine despite no prior re-
ported COVID infection [17].
atients incidence of myocarditis following immunization with various COVID-19 vaccine
ech, B Moderna, C Jansen, and D unknown manufacturer.



Table 2
Numbers of fully vaccinated individuals stratified by age and expected vs observed cases of myocarditis stratified by age.

No. of fully vaccinated individuals per CDCa No. of myocarditis case per VARESb

Age group N (%) Total % Age group Expected Nc Observed N (%) Total %

6–17 6,293,191 (4.3) 31.8% 6–17 5–52 218 (23.4) 80.7%
18–24 11,232,667 (7.7) 18–29 9–94 410 (43.9)
25–39 28,587,841 (19.7) 30–39 24–238 125 (13.4)
40–49 20,452,763 (14.1) 14.1% 40–49 17–170 80 (8.6) 8.6%
50–64 38,171,118 (26.3) 26.3% 50–64 32–318 52 (5.6) 5.6%
65–74 23,793,960 (16.4) 27.7% 65–79 20–198 28 (3.0) 3.4%
75+ 16,406,810 (11.3) 80+ 14–137 4 (0.4)
Unknown 4702 (0) 0.0% Unknown 0 16 (1.7) 1.7%

a Fully vaccinated (vaccine manufacturer unspecified) individuals as of July 4, 2021.
b As of July 4, 2021.
c Expected number of cases based on a US annual background incidence rate of 1–10 per 100,000 person-years assuming presentation 30 days post vaccination.
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Although, the mechanism of COVID-19 induced myocarditis remains
poorly understood, it is postulated that myocarditis is a complication of
the immune response rather than direct injury of the myocardiocytes
through viral binding [18]. Specifically, either a severe cytokine release
syndrome leading to a systemic inflammatory response or overactivation
of the autoimmune system with interferon mediated hyperactivation of
innate and adaptive immune system may play a central role [19,20].
This may explain why the SARS-COV-2 virus is commonly found in the
lungs of infected patients but detected less commonly in the heart [19].
Further, an immune inflammatory response rather than direct viral infec-
tion of the myocardium is consistent with the mechanism of myocarditis
noted in smallpox vaccinia-associated myocarditis [21].

This case was limited in that a viral pathology panel was not per-
formed to rule out other etiologies of viral myocarditis. As the patient
did not have a preceding viral prodrome or recent exposures, there
was initially a low suspicion for other viral etiologies. Further, as
noted in the presented case aswell as the literature review, the patients
improved with supportive treatment and a myocardial biopsy was not
necessary for further investigation of the viral etiology. A further limita-
tion is that the literature review consists of case reports and case series
which are self-reported; thismay have a likelihood of biaswithweak in-
ferences to the general population. As the vaccine-associatedmyocardi-
tis cases are a very rare occurrence, we are currently restricted to these
observation studies.

Despite the current temporal relationship of COVID-19 vaccination
and myocarditis, it is prudent to be cognizant of the efficacy of these
vaccines and its clear demonstrable benefits, both for the individual im-
munized as well as the community. Although the observed cases of
myocarditis are higher in youngmales, it is still an exceedingly rare pos-
sible adverse effect of vaccination.

5. Conclusion

Our case highlights the second possible case of vaccine induced
myocarditis in an individual following administration of the Janssen
vaccine. Further our literature reviewnoted that a temporal relationship
between myocarditis and COVID 19 vaccination was commonly seen in
youngmales and following the secondmRNA COVID-19 vaccine except
in those with a prior COVID-19 infection, where an occurrence of myo-
carditis was seen after the firstmRNA COVID-19 vaccine. These findings
are observational and we hypothesize that the myocarditis may be
related to COVID-19 vaccination as a complication of the immune re-
sponse. Despite these observations, we reiterate that though we may
see more cases of myocarditis following vaccination asmillions are vac-
cinated worldwide, it is still a rare phenomenon for which the benefits
of the vaccines far outweigh the risks.
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